Maxie and Crane (37) pointed out that "Before CMH can be established as a growth regulator in figs, it must be verified that production of the gas is correlated with the onset of renewed growth (Period III)." Evidence indicating the existence of such a correlation is presented here.
maturation resulting from the application of a drop of olive oil to the ostiole, a practice predating Christianity, has been shown to be brought about by the degradation of olive oil and the liberation of ethylene (26, 41) . Ethrel (2-chloroethylphosphonic acid), which decomposes to form ethylene, also has been shown to enhance fig fruit growth and ripening (17) .
Maxie and Crane (37) pointed out that "Before CMH can be established as a growth regulator in figs, it must be verified that production of the gas is correlated with the onset of renewed growth (Period III)." Evidence indicating the existence of such a correlation is presented here.
MATERIALS AND METHODS
Curves of growth in diameter were developed for both firstand second-crop fruits and were used for reference in timing of ethylene treatment and in fruit sampling. Diameters of 10 basal-most fruits on each of five 10-year-old trees were measured periodically with a vernier caliper. Sampling of treated fruits as well as controls was confined to the basalmost fruits. Average fresh and dry weights were determined by weighing triplicate five-fruit samples before and after drying at 60 C until weights remained constant.
Ethylene (5 1ul/l in an air mixture) was applied to fruitbearing branches in the orchard. For this purpose, a 1900-liter tank was evaculated, a predetermined volume of ethylene gas was injected, and the tank was compressed to the appropriate pressure (about 110 kg/ cm2). Whole branches were enclosed in large polyethylene bags provided with an inlet and an outlet, and ethylene was introduced into them through Tygon tubing at the rate of 100 ml/min, as regulated by a flow meter (8) . Other branches that were similarly treated with compressed air served as controls.
Rate of respiration at different stages of fruit development was monitored using triplicate fruit samples, each consisting of 200 to 300 g. The samples were placed in 4-liter glass jars, the lids of which were tight and provided with two glass tubes that served as inlets and outlets. Respiration rate, measured as mg C02/kg fruit hr, was determined by the colorimetric method of Claypool and Keefer (8) . The fruits were kept at 20 C, and the first measurement was made 24 hr after harvest, followed by daily measurement for the following 6 days. (Fig. 1) . Treatment on July 10 resulted in a temporary increase in rate of growth for 5 to 6 days, followed by atypical color development and cessation of growth. The fruits were dry, lacked sweetness, and many of them abscised within a week. Treatment on July 20 stimulated growth for 7 days (Fig. 1) . Color development in these fruits, as well as size and texture, was somewhat more normal. Although the fruits acquired the appearance of ripe figs, they were smaller in diameter and fresh weight than control fruits. Additionally, they were relatively low in water content, devoid of sweetness, and the floral tissue remained whitish in color. Treatment on July 30, shortly after the drupelets within the fruits had turned pink, resulted in stimulated growth and ripeness on the 6th day (Fig. 1) . Although color, texture, and flavor were normal, the ultimate average diameter was slightly smaller than that of control fruits. The fourth ethylene treatment was applied on August 9, when the fruits had about completed period II. The fruits responded exactly as in the preceding treatment, and when ripe, were identical to control fruits in every respect, including diameter. The final ethylene treatment was applied on August 19, about midway in period III (Fig. 1 ). It imposed a further stimulative effect on the fruits and they ripened within 2 to 3 days, 5 days earlier than untreated fruits.
On July 30 and August 9, several branches bearing fruits were also treated with 0.5 and 1.0 pl/l of ethylene. These concentrations proved to be almost as effective as the 5 pJ/l treatment in stimulating fruit growth and ripening. While bagging of fruits had no effect on their growth (Fig. 1 As with the data for growth in diameter, those for fresh and dry weights of untreated fruits also formed double-sigmoid curves (Fig. 2) . Similar but more rapid accumulation of fresh and dry weights occurred following ethylene treatment. Slow increases in both were detected 1 to 2 days after treatment, followed by very rapid increases until the fruits were ripe. The later the ethylene treatment, the greater the increase in fresh and dry weight and the more similar they were to ripe control fruits.
Fruit Respiration and Internal Atmosphere Composition as Influenced by Physiological Age and Ethylene. Respiration rates (Fig. 3) were determined in 1969 throughout development of first-and second-crop fruits. Growth curves of these crops are presented in Figure 4 , D and H, respectively. Respiration during growth period I consistently decreased to relatively low and practically constant rates throughout period II. At the initiation of period III, respiration rates abruptly increased and reached climacteric peaks about 5 to 7 days later. These peaks occurred approximately midway in period III and were then followed by rapid declines.
During 6-day postharvest periods of fruits sampled periodically throughout fruit development, rate of respiration declined during period I and the greater part of period II in both crops (Fig. 3) . Respiration rates of fruits sampled during the climacteric rise, unlike previous samples, continued to increase and reached climacteric maxima (Fig. 3) . On the other hand, respiration rates of fruits harvested at and subsequent to their climacteric maxima declined rapidly.
Respiratory changes induced by ethylene were identical in all four treatments that were made ( Fig. 3 ) and, as exemplified by treatment of May 27, a rise in respiration rate was detected within 24 hr. Climacteric maxima were attained within 3 to 4 days after the initiation of treatment and were similar to those of normal ripe fruits. Respiration rate began to decline during the 5th day of ethylene treatment, whereas visual ripening occurred 2 to 3 days later.
Although not shown in Figure 3 , the respiration drifts of excised ethylene-treated fruits were identical to those exhibited by fruits sampled during their normal climacteric rise. In other words, respiration rates of fruits sampled during the ethylene-induced climacteric rise continued to increase and reached peaks before they declined. Fruits sampled on or after the 4th day of ethylene treatment showed rapid declines in respiratory rates.
Ethylene concentration in the internal atmosphere of fruits was high during early period I (Fig. 4 , C and G). As fruit growth began to decline, ethylene concentration also declined and continued to do so until the low levels in period II were attained. The onset of period III was associated with, or preceded by, a sudden rise in endogenous ethylene level that continued until the fruits were ripe.
Following ethylene treatment, the endogenous ethylene level rose sharply and within 5 to 6 days reached peaks of 4.6 to 5.2 0d/l. Thus, ethylene-ripened fruits contained slightly higher levels of endogenous ethylene than ripe control fruits. As with rate of respiration, the levels of endogenous ethylene during fruit development showed a pattern very similar to that for fruit growth rate (Fig. 4, C, G, D, and H) .
The curves for levels of CO2 (Fig. 4 , B and F) in the internal atmosphere of developing first-and second-crop fruits were similar to each other and to the curves for ethylene (Fig.  4, C and G ). This gas decreased from maximum levels in early period I to minimum levels that occurred throughout period II. Sharp increases in percentages of CO2 were detected, however, at the onset of period III, and as expected, maximum percentages coincided with the climacteric peaks that were followed by sharp decreases. When ethylene-induced climacteric peaks were reached, the percentages of CO2 detected were similar to those found in ripe control fruits. The later ethylene was applied, the closer the CO2 content when the fruits were ripe to that of ripe control fruits. (Fig. 4, A and E (18, (24) (25) (26) , malic acid, nitrogen levels, volatiles (23, 24, 26) , and growth regulators (15, 24, 26, 28 The data indicate that ethylene (exogenous or endogenous) induces fruits to act as powerful sinks with considerable mobilization capability. Coombe (10) proposed that sugar accumulation is the controlling factor in the initiation of grape berry ripening. Ethylene enhances starch conversion into sugars, and also induces changes in the metabolism of pectic substances in cell walls (1, 2, 20) . Several investigators (see Pratt and Goeschl [40] for detail and references) proposed that ethylene alters cellular membrane permeability and uptake of solutes. Based on this evidence, it is hypothesized that ethylene establishes an osmotic gradient in figs by enhancing starch conversion into, and accumulation of, soluble sugars, thus creating an osmotic potential leading to the influx of water. Ethylene also increases cell wall plasticity and alters cell permeability which are two processes that result in cell enlargement and hence increased ability to accommodate water and soluble materials. This concept is substantiated by the following observations: (a) fresh and dry weight of fig fruits increase rapidly following ethylene application. The dry matter is composed mostly of sugars (23, 24, 26) . Similar increases in dry matter and sugars occur during normal ripening (16, 18) . (b) Crosby (18) (24, 26) , however, demonstrated its occurrence under natural conditions and also following oil or ethylene treatment. Therefore, the fig should be removed from the list of "nonclimacteric" fruits (1) and placed in the list of "climacteric" fruits such as apple, pear, banana, and others (1, 5, 40) .
Respiratory rates of fruits sampled during periods I and II declined upon removal from the tree and throughout the postharvest period. Fruits harvested while undergoing the climacteric on the tree continued to do so in jars, but those harvested at or after the climacteric peak showed a decline. The (7), delayed the climacteric by retarding ethylene production (5, 27) . In this connection, the question may be asked as to why the high endogenous ethylene level during period I does not cause fruit ripening, while a similar concentration triggers ripening in period III. Several possibilities exist: (a) a limiting level of carbohydrate, the respiratory substrate in period I, (b) the high level of CO2 during period I may be competitively inhibiting ethylene action (7), and (c) the presence of an inhibitor of ripening either native to the fruit or translocated to it from the vegetative organs. The concept of ripening inhibitor(s) in some fruits such as mango and avocado has been developed by others (see Pratt and Goeschl [40] for references). A change from an ethylene-insensitive to a sensitive state has been shown in other fruits (3, 4, 21, 40) . This could be a manifestation of a ripening inhibitor(s) that diminishes as fruits age. Further support of the hypothesis is the inhibition of apple ripening by the plant growth suppressor, succinic acid-2, 2-dimethylhydrazide which acts by inhibiting ethylene biosynthesis (29, 30) . Ethylene application overcomes the inhibitory effect of succinic acid-2, 2-dimethylhydrazide. Finally, Simons (42), who found a high level of endogenous ethylene in early stages of tomato fruit growth, presented evidence that the ovules and developing seeds produce an inhibitor of ethylene-induced ripening. The nature of the inhibitor, whether hormonal or otherwise, is as yet unknown.
In conclusion, it appears that a sudden rise in the rate of ethylene synthesis in fig fruit tissue is responsible for the initiation of period III, the respiratory climacteric rise and the various processes accompanying them leading to ripening. Ethylene, although synthesized during period II, does not reach physiologically effective levels until just prior to the onset of period III and the climacteric rise. Evidence shown here and that obtained by Maxie and Crane (37) indicate that ethylene application autocatalytically stimulates tissue to synthesize its own ethylene and thus reaching a physiologically active concentration capable of stimulating growth and enhancing ripening. The data presented support the concept that ethylene is a growth hormone that initiates a chain of metabolic and physiological events leading to increase in size of fig fruits and a ripening hormone in that it leads to acceleration of ripening.
